ABSTRACT
INTRODUCTION

PC-based Fax Systems
Fax messages are very common and important in modern communication, especially for business documents where a person's signature is often required for validation. In an office where a fax machine is shared by many users, the messages received usually accumulate in a tray at the machine. These hardcopy documents need to be sorted manually (essentially in batch mode) for further processing and appropriate replies. In the process, some pages may get lost or routed to the wrong people.
A conventional PC-based fax system (MacLeod, 2000; Fordham, 1996) has capabilities similar to that of an ordinary fax machine, i.e. it is able to send and receive faxes.
Some PC-based fax systems store each fax message as an image. An A4-size image may need about 1 Mbyte of storage, although compression techniques may reduce that to below 100 Kbytes (Hui, Chan & Qian, 1997) . When a user needs to locate specific types of messages among the many fax images that are saved in files in the PC, he may find it unnecessarily tedious because of the size and number of files involved.
When faxes received at one PC may be for different users, the confidentiality of the saved images also needs to be taken care of. This may require complicated algorithms to identify the addressee in systems that allow relatively free format fax messages.
Knowledge Discovery in Fax Management System
The decade of the 1990s has brought a growing data glut problem to the worlds of science, business, and government. Our capabilities for collecting and storing data of all kinds have far outpaced our abilities to analyze, summarize, and extract "knowledge" from this data. Traditional methods of data analysis, based mainly on the human dealing directly with the data, simply do not scale to handling voluminous data sets. While database technology has provided us with the basic tools for the efficient storage and lookup of large data sets, the issue of how to help humans understand and analyze large bodies of data remains a difficult and unsolved problem. To deal with the data glut, a new generation of intelligent tools for automated data mining and knowledge discovery is needed. Researchers have recognized this need in different area, including artificial intelligence, statistics, data warehousing, on-line fax processing, expert systems, and data visualization.
Knowledge discovery can be defined as the information recognized by a system such that the system can interpret it in different ways and can use it in inference procedures to obtain new facts and new knowledge. It brings together the latest research--in statistics, databases, machine learning, and artificial intelligence--that are part of our exciting and rapidly growing society.
A major scientific problem that is addressed in this paper is how to turn the vast amount of data and queries that we receive from the fax into knowledge, and how to use the knowledge to build a system that will help people in data entry and data retrieval. This will cut expensive human cost as well as save time in retrieving data manually.
Recognition of character has been an active research area for the last few decades. Much effort has been given to overcoming a number of challenges that stem mainly from the diversity of character styles and font.
The application of character recognition that understands the content of the fax data can be extended to knowledge discovery and information retrieving. Information, ranging from sales quotations, weather data, bus services information to just about anything that is of use or interest can be retrieved interactively. What the user need to do is to send a fax containing pre-stated codes with the return fax number to the Fax Management System (FMS). The FMS will then send the required information back to the user without human handling. In the business world, such application can be used to process ordering of products or goods. This will definitely save time and cost of human intervention.
Proposed Fax Management System
Some studies into the capabilities of other PC-based fax systems revealed three areas where improvement can possibly be made (Yeo, Hui, Soon & Lee, 2001; Hui, Chan & Qian, 1997 ) . They are: Personal Fax Handling, Automatic Information Retrieval and Order Processing.
In a typical office setup where personal computers (PCs) are connected in a local area network (LAN), a PC-based Fax System (PCFS) is normally shared among a group of users. As such, incoming faxes to individuals can be read by anybody at the site of the PCFS and so there is no privacy. The FMS proposed here attempts to solve this problem by identifying the recipient from the fax file received using Character Recognition (CR). Many character recognition algorithms (Ng, Lau & Low, 1992; Ng, Erdogan & Tan, 1993; Chan, Ng & Erdogan, 1995) have been investigated but eventually the one in the WinFax Pro (Askew, 1995; Miastwowski, 1994 ) is chosen as it provides an easier interface to a fax line. The fax file is then encrypted and subsequently stored away in a database for later retrieval. An individual may retrieve his/her own fax from the database if he/she can provide the necessary password.
Quite often a company may receive enquiries from customers looking for certain information, e.g. product lists, price lists, and product brochures etc. Some of these documents may be faxed back to the customer as replies to their enquiries. Currently this is being handled manually in most business environment.
Manual faxing typically involves walking to the fax machine, filling out a cover note, dialling, sending, and waiting for successful transmission. Such an approach is rather inefficient in terms of manpower usage and also the nature of the task is very mundane. It is estimated that an automated fax transmission system reduces the associated labour costs by up to 90%. In an organisation that sends 25 faxes per day, the manual fax labour cost is estimated at US$24,050 per year (Esker Software, 2003) . The proposed FMS attempts to answer customer enquiries and reply with relevant information via fax in an entirely automatic manner.
By further extending the idea on Automatic Information Retrieval, the FMS can be made to automate customers' goods ordering process. A customer can fax in his order on goods following certain predefined format. The FMS can then interpret the received fax and store it away in a database for later processing. This approach is attractive in that all customers' orders are automatically entered into a database, thus removing the need for operators to enter such information manually.
In this paper, a protocol that defines the standard for the FMS is proposed and the results of its applications are discussed. Figure 1 shows an overview of the FMS that consists of five modules.
FMS IMPLEMENTATION
System Overview
The first module performs the task of sending/receiving of faxes and also handles character recognition. To shorten the development time, a commercial package that has these two capabilities was chosen for the FMS. The package chosen is WinFax Pro 10.0 (Symantec Corporation, 2003) . It supports Dynamic Data Exchange, an established protocol for exchanging data through active links between applications that run under Microsoft Windows.
The remaining software that makes up the FMS consists of four other modules: Interface module, Personal Fax Handling module, Automatic Information Retrieval module, and Order Processing module. Their functions and implementations will be discussed in section 2.3.
FMS Header
A header is proposed for the FMS to distinguish the types of faxes it receives, and this is implemented using a fax header. The header is positioned at the start of the received fax file. Three different headers are used to distinguish the three different types of faxes received by the FMS. This is illustrated in The Interface module in the FMS shown in Figure 2 provides an interface between WinFax and the other three modules, namely, Personal Fax Handling, Automatic Information Retrieval and Order Processing. In addition, this module is also responsible for system administration of the whole FMS, i.e. user database maintenance, and password maintenance.
Upon receiving a fax, WinFax's character recognition facility is invoked to interpret the content of the fax that is in graphics form. The result of the interpretation is a text file. The header portion of this text file is subsequently analysed to determine the fax types from Table 1 . If the header of received fax is not one of those shown in Table 1 , then the fax is treated as a System Fax. A System Fax is not meant for any individual and it requires the attention of the system administrator. The system administrator will have to view the fax to decide what action to be taken.
Once the fax type is identified, the text file is then transferred to one of the three modules mentioned above for further processing. Figure 3 gives an overview of the PFH module. When the Interface module identifies a personal fax, it will extract the name of the recipient and passes the name to the PFH module. If the name exists in the database, the fax will be encrypted and the Fax Record File will be updated to indicate that a fax has arrived. Otherwise the System Fax Record File will be updated.
Personal Fax Handling (PFH) module
Automatic Information Retrieval (AIR) module
An overview of the AIR module is given in Figure 4 . When the Interface module identifies an information retrieval fax, it will extract the topic about which information is required, and the fax number of the inquirer. These two pieces of information are then passed on to the AIR module. The AIR module will check the Record Database to look for the topic of interest to the inquirer. If it is there, the AIR module will collect information about that particular topic and instruct the Interface module to fax the information back to the inquirer.
An example of the header of an Automatic Information Retrieval Fax is: HH PRINTER 67991258. This means the inquirer wants information on the topic "PRINTER", and his fax number is 67991258.
Another example: The inquirer wants to find out what topics the FMS can handle. A special keyword MENU can be used. This means that the inquirer can send in a fax with a header that reads HH MENU 67991258 to get a list of topics for which the FMS can provide information. Figure 5 gives an overview of the OP module. When the Interface module identifies an Order Processing fax, it will extract a few pieces of information for the Order Processing Setup Form that is defined by the FMS system administrator (see Figure 6 as an example). The Fax Header is also defined in this form. In addition to the Fax Header field, the FMS system administrator can define up to a maximum of 10 other fields. Figure 6 shows the entries of an Order Processing Setup Form where the fax header chosen is "%%" , and the information to be extracted from the received fax are Name of Sender, Address of Sender, Phone Number of Sender, Product Code and Date of Fax. Figure 7 gives an example that shows the header information in a received fax.
Order Processing (OP) module
All the extracted information from the Order Processing Fax will be stored in a database for later processing. 
RESULTS AND ANALYSIS
The FMS was tested with different types of faxes and all the basic functionality was found to be working. However, there are some limitations in the current system. The major shortcomings are:
Reliability of Character Recognition
The FMS is unable to recognize characters properly under certain circumstances:
1. When the characters in the received fax are smeared or distorted during the fax transmission. Table 3 shows the difference between text before transmission and text after transmission. It can be seen that even though the text after transmission appears larger than the original text, the edges are slightly distorted. This will affect the outcome of the character recognition.
Before transmission TIMES NEW ROMAN 10 POINTS After transmission Table 3 The effect of fax transmission on the quality of characters.
2. When the font size or style of characters in the received fax is not chosen appropriately. A summary of the effects on character recognition using three different font styles of the Times New Roman font with various font sizes is given in Figure 8 . It can be seen that the Normal style with font size of 14 yields the best results with a character recognition accuracy of 98.9%. Tables  4 to 8 show the output of the character recognition on different sizes and styles of fonts. It can be seen that as the font size increases, the rate of recognition becomes better. Table 7 Results of character recognition on font size 14.
3. When the fax is handwritten, the character recognition rate achieved is about 10%. Table 8 shows the results of handwritten character recognition. It can be seen that recognition rate is not too good. However, as technology advances, we would expect better performance in this research area.
Fax text
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Limited System Functions
Currently the FMS can only perform three basic functions, i.e., Personal Fax Handling, Automatic Information Retrieval and Order Processing. The implementation of these functions is rather primitive and inflexible. Further enhancement to these functions and inclusion of additional features are desirable to make the FMS a more functional system in a business environment.
CONCLUSION
A PC-based Fax Management System was successfully designed and implemented. Test results showed that based on the Times New Roman font used, a character recognition rate of 98.9% is achieved using the Normal font style with character size of 14. The FMS provides a basic platform for automatic handling of different types of faxes typical in a business environment; and its functionalities can be easily extended following the methodology adopted in the design of the FMS.
